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Abstract In this paper, we compared pollination characteristics of Aconitum gymnandrum at 
two sites respectively with elevations of 2460 and 3200 m in the northeast Qinghai-Tibetan 
Plateau. This species is an alpine biennial with unique systematic position and floral 
morphology in the tribe Delphinieae, Ranunculaceae. We found that the floral longevity and 
male and female phase durations in the high altitude population were significantly longer than 
those in the low altitude population. Seeds cannot be set through apomixis in this species. 
Aconitum gymnandrum is highly self-compatible, but autonomous self-pollination within the 
individual flower is ruled out through a combination of protandry and herkogamy during 
floral development, suggesting that pollen vectors were indispensable for successful seed sets 
of A. gymnandrum. Bumblebees are main pollinators of A. gymnandrum in both populations. 
Within each raceme, pollinators visited flowers at the bottom first, and then spirally moved 
upwards; however, 3.9% and 2.7% of the visits were downward respectively in the low 
altitude population and the high altitude population. In addition, 37.7% and 29.3% of the 
movements occurred between different racemes within the same plant; therefore 
geitonogamous self-pollination could not be completely avoided. The higher seed sets of 
artificially pollinated flowers than the intact flowers suggested the existence of pollination 
limitation in both populations. Visiting frequency of bumblebees at the low altitude was 
higher than that at the high altitude, but seed sets of the intact flowers in both populations did 
not differ remarkably, probably due to that the longer duration of the stigmatic receptivity in 
the high altitude population compensates the decrease of seed sets because of the low visiting 
frequency of pollinators at this site. 

Key words Aconitum gymnandrum, dichogamy, herkogamy, breeding system, pollination, 
bumblebee. 
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Fig. 1. Floral syndrome and pollinators of Aconitum gymnandrum. A, B, Opening flower at the earliest stage. C, The 
start of the male phase duration. D, The termination of the male phase duration. E, F, The start of the female phase 
duration. G, The termination of pollination process. H, Bombus kashmirensis visiting a flower for nectar. L, B. sushikini 
visiting a flower for nectar. 
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Table1 Seed sets of the two populations of Aconitum gymnandrum with different elevations under different 
treatments 














og? 00 Huzhu O0 [0 Haibei 
1) 
Treatments’ ě Q00O00+000) 0o00 000000+000) 0o00 ood 
Seed set (mean + SE) No. of sample Seed set (mean + SE) No. of sample Significance 
A 0.927+0.017 a 21 0.916+0.016 a 28 0.834 
B 0.938+0.013 a 20 0.891+0.026 a 26 0.361 
e 0.124+0.044 b 19 0.117+0.037 b 28 0.887 
D 0b 22 0b 30 1.000 
E 0.716+0.038 c 39 0.732+0.031 c 50 0.664 
F 0.726+0.032 c 40 0.759+0.026 c 52 0.356 


) AQ BO CO DO EO ro0o00OOOOOO§OC§OCOCOOCOCOCOCOOCOOCOCOOOOOOCOOOO0O0OCOOOOOOO 
gügggapnnapnunageenanannpaduü 

1) A, B, C, D, E and F denote artificial xenogamy, artificial geitonogamy, bagged without emasculation, bagged after emasculation, 
natural pollination after emasculation and natural pollination, respectively. Values with different letters indicate that the difference 
is significant at the 0.01 level. 
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Fig. 3. The total visiting frequencies of visitors in 


the Huzhu population and the Haibei population in 
Aconitum gymnandrum. Bars with different letters 








show a distinct significance at the 0.01 level. 
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Fig.4. The visiting frequencies of each visitor in the Huzhu 


population and the  Haibei population 


in Aconitum 





gymnandrum. Bars with different letters s 
significance at the 0.01 level. 
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